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(54) Apparatus and method for forming ducts and passageways 

(57) The apparatus and method of the invention 
relates to the formation of ducts or passageways, 
referred to as ducts underground by using existing 
lengths of plant (2) such as pipes, cables or wires, or a 
length of plant laid In predetermined position as a guid- 
ance or reference for the drill head (4) used to form the 
duct or passageway as it passes through the ground. 
The plant is used to generate an electromagnetic field 
which is sensed by at least one electromagnetic field 
sensor (10,12) mounted in the drill head, said sensor 
rotated to allow comparison of signals and the distance 
of the drill head from the plant to be calculated. Other 
sensors can also be provided to determine other posi- 
tional characteristics of the drill head with respect to the 
plant. This allows the duct to be formed with the avoid- 
ance of potentially hazardous plant and/or along a path 
which is determined with reference to the plant. The 
apparatus can also be used as a guidance means with- 
out the drill to pass along existing passageways and 
indicate the path of the same using the same operating 
procedure. 




Figure 1 1 



Q. 
UJ 



Primed by Xeraoc (UK) Business Services 
2.16.30.4 



EP0 861 966 A2 



Description 

The invention which is the subject of this application 
relates to an Improvement In the provision of apparatus 
and a method for the Installation of ducts, cables and 
pipes and particular in the forming of the same with 
respect to existing or prepositioned plant which can be 
in the form of cables, wires, ducts or pipes. 

The apparatus and method of the Invention has 
several advantageous uses. One such use is to Install 
ducts, cables or pipes (herein collectively referred to as 
ducts) adjacent to existing plant such as electricity, tele- 
com or other utilities. TTie installers of new ducts such 
as this are frequently faced with the problem of increas- 
ing the capacity of the system along a particular length 
of the said system. 

Conventionally, new plant installations were 
installed along the existing ducts and along which exist- 
ing plant ran In groups between access manholes. At 
the time of laying the existing ducts, additional spare 
capacity was normally provided but, as the requirement 
for new systems and equipment has greatly increased 
in recent years, it is increasingly found that the spare 
capacity has been used up and therefore installation of 
new ducts is required. 

As it is preferable to use the existing routes for plant 
in order to minimise the length of cable which is required 
to be installed between the manholes and in order to 
allow the installer to use existing rights of way under pri- 
vate or publicly owned property, there is a need fbr the 
provision of method and apparatus which allows the for- 
mation of the new ducts fbr the new plant in a controlled 
manner along and adjacent to the existing plant, thereby 
negating the need for excavation and the gaining of new 
rights of viray. 

The installation of new ducts fbr plant in close prox- 
imity to existing plant using trenchless techniques i.e. 
where the surface Is not required to be dug up, is cur- 
rently not practically achievat^le using known tech- 
niques as this requires an accuracy of drilling of the duct 
which is not achievable using known techniques. The 
known techniques do not allow control of the drill to pro- 
vide sufficient accuracy to avoid damage, or the risk of 
damage, to either the existing ducts and plant therein 
and/or deviating from the required line. 

The existing techniques for drilling of ducts fbr 
installation of plant typically use an incremental location 
and steering system which, in one embodiment, com- 
prises a radio transmitter known as a radiosonde in the 
nose of the drill. The radiosonde radiates a low fre- 
quency magnetic signal which is detected at the surface 
by a locator and therefore the position of the drill head in 
the ground can be determined by sweeping the locator 
over the surface until the maximum signal is detected. 
When the maximum signal is detected then the operator 
has located and can then control the further passage of 
the drill head. The radiosonde also transmits other sig- 
nals to the locator at the surface which identify the ori- 



entation or roll angle of tiie steering face and tiiis 
information is transmitted to the drill rig by a conven- 
tional UHF radio transmitter to the drill operator who can 
then set the angle of the steering face accordingly. How- 

5 ever, the measurement of tiie position and changes in 
steering can only be carried out when the drill Is station- 
ary and, in order to maintain a reasonable rate of 
progress for the drilling operation the location readings 
from the drill are typically only taken at intervals of 1 to 

10 2 metres. This has two disadvantages, firstiy that tiie 
drill is required to be stopped at relatively frequent inter- 
vals to allow tiie position of tiie same to be checked and 
secondly, tiie accuracy of drilling is limited due to the 
fact that the drill is able to deviate from the chosen line 

IS between incremental measurements and tiiis is unsatis- 
factory when drilling in close proximity to existing plant. 
Additionally, the accuracy of the location process 
decreases witii increasing depth as the strength of tiie 
signal received at the suriace reduces and the accuracy 

20 of the position measurement of tiie drill depends on the 
skill of tiie operator in locating the signals. It is also 
potentially hazardous to the operator seeking to locate 
tiie drill especially if they have to cross motorways, riv- 
ers or tiie like. An alternative metiiod is to use a "mat" 

25 formed off a series of cak}les with current passing 
through tiie same, laid on the ground In tiie general line 
of the duct to be formed. This mat generates a complex 
electrical field and can allow guidance of a drill head. 
However these cable array mats are bulky, expensive 

30 and prone to damage and have not been commercially 
successful. 

The aim of the present invention is to provide appa- 
ratus and a metiiod for forming a passageway, herein 
referred to as a duct, and guiding the apparatus forming 

35 the new duct with respect to other plant thereby ensur- 
ing that the new duct created follows the desired patii. 

In a first aspect of the invention there is provided 
apparatus for the creation of a duct on or under the sur- 
face of the ground, said apparatus comprising a length 

40 of plant which generates an electromagnetic signal 
along tiie same, to utilise tiie same fbr guidance, a drill 
head for movement through the ground to create the 
duct, said drill head including a detector means includ- 
ing at least one electromagnetic field sensor mounted in 

45 an offset position witti respect to the centre of the drill 
head, to allow detection and monitoring of tiie electro- 
magnetic fiekl of tiie guidance plant and a means to 
rotate tiie electi'omagnetic field sensor about the centre 
of the drill head. 

50 In one emt>odiment the lengtti of plant fbr guidance 
is an existing piece of plant such as a length of cable, 
metallic pipe or wire laid In an existing duct under the 
surface. The existing piece of plant may normally gener- 
ate an electromagnetic field which can be used as guid- 

55 ance. or alternatively, a current can be inpressed along 
said plant to aeate an electromagnetic f ietel. In an alter- 
native embodiment, tiie guidance plant is a lengtii of 
cable or wire which is placed on tiie surface and this 
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acts as a reference for guidance of the drill head under 
the surface. 

In one embodiment the electromagnetic field sen- 
sors used are electromagnetic coils and are hereinafter 
refenred to as coils. 

In one embodiment, the drill head includes two 
coils, one positioned with Its longitudinal, or sensitive, 
axis along the longitudinal axis of the drill and the other 
positioned offset to the centre and with its longitudinal or 
sensitive axis sut>stantially perpendicular to the longitu- 
dinal axis of the drill head. 

In a further embodiment, the drill head includes 
three coils mounted thereon, one coil positioned with its 
longitudinal axis along the longitudinal axis of the drill 
head, and the other two positioned with their longitudi- 
nal axes substantially perpendicular to the longitudinal 
axis of the drill head and respectively offset on opposing 
sides of the centre of the drill head.. 

In whichever embodiment it is prefenred that any 
coil which is provided offset to the centre of the drill 
head lie on or adjacent to the outer surface of the drill. 

In use, the coil positioned along the longitudinal 
axis of the drill head detects changes in the angle of the 
drill head relative to the plane formed between the drill 
and the guidance plant and the coil offset from the drill 
head centre is rotated to detect changes in the position 
of the drill head relative to the guidance plant, i.e. 
towards or away from the plant. 

In one embodiment if the detection means indicates 
that the drill head Is nrxsving to within a predetermined 
distance of plant with an electromagnetic field, an alarm 
is sounded to the operator and the drill head movement 
is stopped. It is envisaged that this arrangement is of 
particular use when the drill head is approaching exist- 
ing plant which generates an electromagnetic field and 
which lies adjacent to the path of the drill head and so 
the path of the duct forming apparatus can be changed 
to avoid the plant and prevent damage to the same. 

Typically there is provided apparatus for forming a 
duct wherein the electromagnetic field sensor is posi- 
tioned on or adjacent to the outer surface of the drill 
head, and detects the field gradient at that position, and 
thus the distance of the drill head from the guidance 
plant, using the equation D2 = V2n.S/(V2p-V2n) where 
V2p is a first field reading from a first position of the sen- 
sor. V2n is a second field reading from a second, 
rotated, position of the sensor and D2 is the distance 
between the centre of the guidance plant and the outer 
surface of the drill head 

In a further embodiment of the invention the drill 
head is provided with a sensor to detect the rotational 
angle of the drill head relative to a linear plane, typically 
the vertical plane. Typically a conventional roil angle 
sensor is provided in the drill head. 

Typically the signal impressed into the guidance 
plant is an alternating electric current and. if access can 
be gained to the guidance plant then the current can be 
ir^ected by direct connection of a current generator to 
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the plant or. alternatively, by inducing a current in the 
cable using a torroidal transformer placed over the 
plant. If no access can be gained to the plant then the 
current can be induced using a remote transmitter 

5 placed on the suriace. Furthermore it is known that 
some existing plant already generates an electromag- 
netic field and if this is the case then the plant can be 
detected without impression of electrical current. This 
also ensures that this plant can be detected even if it is 

10 not being used to continually guide the drill head but is 
an obstacle to the path of the drill head. 

The alternating electric current of a single fre- 
quency or plurality of multiple frequencies provided to 
the guidance plant can be of any value as required but 

IS typically in the range of 0. 1 Hz to over 1 00 KHz and the 
current introduced into the plant generates an alternat- 
ing magnetic field which radiates from the plant. 

Typically the drill head includes an angled face 
which acts as a steering face of the drill. 

20 Preferably the detector means on the drill head 
includes at least two. solenoidal, coils and they are con- 
nected to suitable electronic filters and amplifiers to 
detect the magnetic field and processing means and 
software to allow the processing and interpretation of 

25 the signals to provide the data to the operator for contin- 
ued guidance of the drill head. 

In a further aspect of the invention there is provided 
apparatus for measuring and guiding the position of an 
article, said article including a detector means including 

30 at least one electromagnetic field sensor mounted in an 
offset position with respect to the centre of the article, to 
allow detection and monitoring of an electromagnetic 
field, and a means to rotate the electromagnetic field 
' sensor about the centre of the article. 

35 Typically the apparatus can include any of the fea- 
tures as herein described with regard to the apparatus 
for forming the ducts or passageways such as further 
electromagnetic field sensors and/or roll angle sensors. 
In one embodiment the apparatus is provided not on a 

40 drill head for forming the duct or passageway but on an 
article for movement along a previously formed existing 
duct or passageway and to allow the position of the duct 
or passageway to be determined with reference to adja- 
cent plant generating an electromagnetic field and oper- 

45 ating the guidance apparatus as previously described. 
In a further aspect of the invention there is provided 
a method for creating a duct, said method comprising 
the steps of positioning a drill head including at least a 
first electromagnetic field sensor mounted therein for 

50 Indicating the distance of the drill head from other plant 
by detecting the electromagnetic field generated from 
said other plant, advancing the drill to form the duct and 
rotating the electromagnetic field sensor to generate a 
series of signals indicative of the electromagnetic field 

55 strength to allow the positioning of the drill head to be 
determined witii reference to the said other plant. 

Typically the sensor is rotated along with the drill 
head during formation of the duct, either continuously 
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or, alternatively the sensor is rotated at intervals 
through at least one half revolution. 

In one embodiment the said other plant Is existing 
plant which is already in position and with respect to 
which the path of the drill head is determined. In another s 
embodiment the said other plant is existing plant which 
represent an obstacle to the path of the duct and the 
presence and position of which Is required to be 
detected to allow the path of the drill head to be control- 
led to avoid the same. In a further embodiment the said 10 
other plant is a lengtii of cable or wire or otiier material 
laid on the surface and which acts as a reference guide 
for the drill head. 

Typically the electromagnetic field sensors used in 
the method are electromagnetic coils and are herelnaf- is 
ter referred to as colls. 

In a first embodiment the coll is provided with its 
longitudinal or sensitive axis lying substantially perpen- 
dicular to the longitudinal axis, of the drill head. 

In one embodiment the drill is moved to a start posi- 20 
tion with the longitudinal axis of the drill parallel to the 
longitudinal axis of tiie guidance plant and the sensitive 
or longitudinal axis of one coil along the longitudinal axis 
of the drill head is in tills arrangement perpendicular to 
the flux lines which radiate from the guidance plant 25 
magnetic field. In this orientation tiie output signal from 
the coll Is a minimum or null. 

The output signals received from the offset and 
rotated coil is dependent on ttie orientation of the longi- 
tudinal axis of the drill relative to tiie cable and also on 30 
the rotational orientation of the drill. The maximum out- 
put from tiie coll Is obtained when tiie drill head Is 
rotated so tiiat the sensitive or longitudinal axis of the 
coil is perpendicular to the plane of the guidance plant 
and tiie drill. The minimum output signal from the coll is 3S 
obtained when the sensitive axis of the coil is parallel to 
the plane of tiie drill and the guidance cable. As the drill 
Is rotated further the output from the coll produces a 
maximum negative output and then a zero output follow- 
ing a sinusoidal pattern. 40 

Thus, the apparatus and mettiod of tiie Invention 
can be used to advantage in several ways such as for 
forming ducts for the installation of new plant in groups 
between manholes in order to minimise tiie usage of 
cable and to use existing rights of way. Indeed the plant 45 
can be dragged along by tiie drill apparatus as tiie duct 
is formed. If tiie new plant is laid within a specified and 
controlled distance from the existing plant then it should 
not be necessary to negotiate new rights of way 

A further use Is for tiie automatic guidance of the so 
drill parallel to and below a single cable laid on tiie sur- 
fece. The cable is laid on the ground surfece along the 
proposed route of the drill and the drill head can be 
directed using the sensor system described herein. 

A further use Is for the Installation of new plant In ss 
close proximity to high value plant such as fibre optic 
data cables or hazardous electrical cables or pipes con- 
taining hazardous fluids. The apparatus provides a 



means of drilling in close proximity and guiding tiie drill 
to prevent the drill damaging the existing cables. In can 
tiierefore be referred to as a cable avoidance system. 
An electi'omagnetic signal is Injected into the cable to be 
protected or the cable may already generate an electro- 
magnetic field and tiie apparatus for guiding the drill is 
able to continuously measure the separation of ttie drill 
from the cable and also provide information on the ori- 
entation of tiie drill relative to the cable. The position of 
the drill relative to the cable can therefore be continu- 
ously monitored and the drill steered to maintain safe 
distance. 

Specific embodiments of the Invention will now be 
described with reference to the accompanying drawings 
wherein:- 

Rgure 1 illusti'ates a guidance plant in tiie form of a 
cable and associated magnetic field; 

Rgure 2 illustrates a first embodiment of the Inven- 
tion showing the drill head in conjunction with tiie 
guidance plant; 

Rgure 3 illusti'ates tiie drill head of Figure 2 in a 
moved position; 

Rgure 4 iilustarates ttie drill head of Figure 2 in a fur- 
tiier position; 

Rgure 5 illustrates schematically the positions and 
signals generated by the first coil relative to the 
guidance cable; 

Rgure 6 illustrates tiie output signals received from 
tiie second and third coils of tiie drill head of Figure 
2; 

Rgure 7 illustrates the position of a second coil rel- 
ative to ttie guidance cable; 

Rgure 8 Illusti'ates In schematic form various posi- 
tions and signals generated by the second and/or 
third coils relative to the guidance plant; 

Rgure 9 iilustarates a further position of the second 
coil relative to tiie guidance plant; 

Rgure 1 0 illustrates a further position of tiie coil rel- 
ative to the guidance plant; 

Rgure 1 1 illustrates tiie drill head In a position rela- 
tive to the guidance plant in a perspective view; 

Rgure 12 A to F illustrate in schematic form various 
positions of ttie drill relative to tiie guidance plant; 
and 

Rgure 13 iilustarates a second embodiment of tiie 
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drill head of the invention having a first and second 
coil. 

Referring firstly to Figure 1 there is illustrated a 
guidance plant 2 and, in this embodiment, the guidance s 
plant is a cable which has previously been laid in exist- 
ing ducts in the ground. An alternating electric current is 
injected into the cable 2 and the current is flowing along 
the cable 2 generates an alternating magnetic field indi- 
cated by the letter B which radiates outwardly from the 
cable and along the length thereof. 

Thus, this guidance catrfe is activated to act as a 
guide for reference for a drill which is to be used to form 
a duct running parallel to the said guidance cable 2 at 
an offset distance therefrom. 

In a first, but not the preferred, embodiment, the drill 
4. which is shown in end elevation in Rgure 2. is pro- 
vided with three electromagnetic field sensors in the 
form of electromagnetic coils 6 mounted with its sensi- 
tive or longitudinal axis 8 along the longitudinal axis of 
the drill centre and coils 1 0 and 1 2 which have their sen- 
sitive longitudinal axis 14 perpendicular to and offset 
from tiie sensitive axis of the first coil 6. The coils 1 0 and 
12 are mounted adjacent the external side 16 of the drill 
at diametrically opposed positions. 

To set the drill in the required starting position, the 
same is positioned at the required offset distance from 
the guidance cable 2 and at the required depth from the 
surface of the ground 20. 

When the longitudinal axis off the drill 4 Is In tills par- 
allel position with the guidance cable 2, the sensitive 
axis 8 of tiie coil 6 is perpendicular to the flux lines 22 of 
the magnetic field B as shown in Figure 1 . In this posi- 
tion the output signal received from tiie coil 6 is at its 
minimum or a null. 

If the drill changes direction t)ut in the plane 24 
defined between the guidance cable 2 and the centre of 
the drill 4, such as shown in Figure 3, then tiie sensitive 
axis 8 of tiie coil 6 remains in its perpendicular position 
to the flux lines 22 and thus the output signal received 
from the coil remains in its minimum or a null value. 
However, if the drill changes direction and if this change 
of direction moves tiie drill out of tiie plane 24 such that 
the length of the drill no longer lies in the plane 24 in end 
elevation, such movement shown in Figure 4. then the 
coil 6 intersects a flux line 22 of the magnetic field and 
the output signal from tiie coil 6 will increase. Thus it will 
be clear tiiat tiie output signal from tiie coil 6 only 
changes in response to changes in the direction of the 
drill which moves the longitudinal axis of the drill out of 
the plane 24 as illustrated in Figure 4. 

The direction and extent of movement of tiie drill 
outwitii the plane 24 Is detected by comparing the out- 
put signal received from the coil 6 to tiie electrical cur- 
rent value applied to the guidance cable 2. As botti tiie 
signal received and the electric current are time varying 
sinusoids, the time relationship between tiie two. i.e. the 
phase difference, can be analysed and this allows the 



direction and plane of the sensitive or longitudinal axis 8 
of the coil 6 in tiie magnetic field B to be determined. 

Rgure 5 illustrates in diagrammatic form the man- 
ner in which the coil 6 position relative to the guidance 
cable 2 can have an effect on the output signal received. 
In position A the output from tiie coil is a sinusoid and, 
when compared to the wave form of the electric cun-ent 
supplied to the guidance cable 2. it can be seen that tiie 
output 26 from coil 6 is in phase with the wave form 28 
of the electric current supplied to the guidance cable 2. 
In position B the output 30 from coil 6 Is zero as no flux 
lines are being cut as the drill lies in the same plane in 
this position. In position C tiie coil 6 has effectively 
reversed its orientation such tiiat ttie sensitive axis 8 
and hence drill 4 is now pointing away from the guid- 
ance cable 2 and tiius the output 32 from coil 6 is a sinu- 
soid form which is 180 degrees out of phase witii the 
signal 28. Thus, the position of tiie sensitive axis 8 of 
tiie coil 6 and hence the longitudinal axis of the drill 4 
can be determined by comparison of the output signal 
26. 30, 32. or any other output signal received, witti the 
wave form and signal 28 of the guidance cable 2. 

The orientation of the longitudinal axis of tiie drill 4 
relative to ttie guidance cable 2 and also the rotational 
orientation of the drill 4 relative to tiie plane containing 
the guidance cable and drill can be determined by ana- 
lysing output signals received of the coils 10 and 12 of 
tiie drill. The maximum output from tiie coils 10 and 12 
is ot>tained when tiie drill is positioned such tiiat the 
sensitive axis 14 as shown in Figure 2 of the coils 10 
and 1 2 is perpendicular to tiie plane 24 between the drill 
and guidance cable as shown in Figure 2 and as illus- 
ti'ated in position A of Figure 6. The minimum output 
from the coils 10 and 12 is obtained when the sensitive 
axis 14 of the same are parallel to tiie plane 24 as illus- 
trated in position B of Figure 6 and. if tiie drill is rotated 
further, then a maximum negative output signal is 
received as indicated in position C and a further zero 
output signal is received at the position shown D. 

It should be appreciated that a preferred embodi- 
ment is to only use one of the coils 10, 12. say coil 10, 
as this can be rotated to provide the required data. 

When tiie drill is in a rotational position which gives 
a maximum output as indicated at positions A and C of 
Figure 6, changes in direction of the longitudinal axis of 
tiie drill 4 in the plane 24 as indicated in Rg. 7 will pro- 
duce no change in the output from the coil 1 0 as the drill 
is rotating. However, changes in direction of the longitu- 
dinal axis of the drill 4 out of the plane 24 produces a 
decrease in output signal received as indicated in Fig- 
ure 8. witii Figures 7 and 8 illustrating tiie coil 1 0 only for 
illustrative purposes. Rgure 8 illustrates the difference 
in the signal amplitude which occurs when, for example, 
sensitive axis 14 of coil 10 deviates by 10 degrees from 
tiie perpendicular position shown at the position B of 
Figure 7. 

Rgure 9 illustrates tiie drill 4 in a position where tiie 
direction of tiie same has changed but in the same 
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plane as plane 24 such that the reading from the coil 6 
will not alter and« as the rotation is about axis 30, which 
is perpendicular to the axis 14 of the coil 10, the coil 10 
will not be sensitive to orientation changes in or out of 
the plane. 5 

In Figure 10. the coil 10 is rotated about its sensitive 
axis 14 but with the coil 10 in the parallel plane to the 
plane 24 and thus, the output signal for the coil 10 is 
zero with reference to position B of Figure 6 and as the 
position of the same does not change relative to the 
plane 24 no change in signal output will occur but the 
actual change of the drill 4 upon rotation will be sensed 
by the change of signal received from the coil 6 with ref- 
erence to Figure 4, as the drill moves out of the plane 
24. 

Thus, if the coil 10 is positioned in the drill 4 with the 
sensitive axis 14 aligned parallel to the steering face 32 
of the drill 4 as shown in Figure 1 1 . then by rotating the 
drill 4 and observing output from the coil 10 when 
rotated until they reach a maximum value, it is possible 
to orientate the coil 10 and hence the steering face 32 to 
lie with their planes and plane movement 34 respec- 
tively, perpendicular to the plane 24. The drill is now 
pushed fonAord without rotation and steering correc- 
tions can be made to change the direction of the drill 
perpendicular to the plane 24. Thus if the output from 
coil 6 irxiicates a change in output from the minimum i.e. 
a deviation out of the plane 24 then a steering connection 
can be made by rotating the drill until a maximum is 
obtained from the coils 10 and 12 and. if the rotation is 
then stopped at tiiis position the drill can then be 
pushed fonwards to direct the drill 4 back towards the 
plane 24. 

The positioning is dependent upon the starting 
position of the drill 4 relative to the guidance cable 2 
such tiiat it can be above, below, to the side or any posi- 
tion offset from the guidance cable throughout 
360degrees thereof. 

The plane 24 as shown in Figure 12a and 12b can 
be at any rotational angle R to the horizontal plane and 
coil 6 is provided to measure deviations from this initial 
orientation. However, the drill 4 can be subjected to per- 
turt>ations due to changes in ground conditions as the 
drill passes tiierealong and these perturbations can 
cause the drill 4 to deviate from tiie plane 24 by an 
angle S as indicated in Figures 12c and 12d. With the 
output signal received from coil 6, and comparison of 
this witii the input signal 28 to the guidance cable 2, the 
deviation between the signals can be detected and, in 
conjunction with the output signals received from the 
coil 10. the drill 4 can tiien be rotated until tiie steering 
face 32 is pointed in the correct direction such that when 
the drill is moved in that direction, the deviation will be 
corrected and the angle S of deviation will be reduced to 
zero as shown in Figure 12e wherein the drill 4 now lies 
in a plane 34 which is parallel to plane 24 and guidance 
cable 2. 

The steering mechanism thus described can bring 



tiie drill 4 back into line witii tiie guidance cable 2 but it 
may be at a different rotational angle R' as indicated in 
Figure 12f in comparison to tiie rotational angle R in 
Figure 12b. To return the drill to the original rotational 
angle R, a roll angle sensor can be provided on tiie drill 
which measures the roll angle of the drill relative to the 
vertical plane. Infbrmation from one of these sensors, 
when combined witti the information from coils 10 can 
be used to return tiie drill to the original rotational angle 
R in tiie fbllowing manner, whereby if the drill is rotated 
whilst In the original position, the maximum output from 
coil 10 is obtained when tiie roll angle of the drill is at 
360-Rdegrees such as that shown in Figure 12b. If tiie 
drill is rotated whilst in tiie second position as shown in 
Figure 12f, the maximum output from tiie coil 10 is 
obtained when tiie roll angle of the drill is at 360- 
R'degrees and tiius the roll angle at which tiie maximum 
value occurs indicates tiie rotational position of tiie drill 
4 relative to the guidance cable 2. The steering system 
can tiien be used to return the drill back to the first posi- 
tion as shown in Figure 12a by stopping rotation of tiie 
drill when the maximum value is reached arxl pushing 
fonvard the drill to bring tiie same into the required 
plane. 

In addition to deviations of the drill out of tiie plane 
24. the system is capable of measuring and correcting 
for deviations in the position of the drill in tiie plane 24. 
Because of the shape of the magnetic field B around the 
guidance cable 2 it is not possible to use the coil 6 to 
measure angular deviations of the drill 4 in ttie plane 24 
but, by using the coils 1 0. 1 2 it is possible to measure the 
distance from the drill 4 to guidance cable 2 by, in one 
embodiment rotating tiie drill to the roll angle where a 
maximum positive output signal is received from the coil 
10 and a maximum negative output signal is received 
from coil 12 comparing the signals to generate a dis- 
tance value from tiie guidance plant and then rotating 
tiie drill until a maximum negative output signal is 
received from coil 10 and maximum positive output sig- 
nal is received from coil 12 and comparing and so on as 
ttie drill head progresses. The output signals from the 
coils 10,12 are proportional to the cunnent In the guid- 
ance cable and inversely proportional to tiie distance 
from the cable, i.e. 

V2 = K.i/D2 or K.i = V2.D2 

V3 - K.i/D3 or K.i » V3.D3 

tiiereforeV2D2BV3D3 

or D2 = V3.D3/V2 

but D3 = D2 + S 

therefore D2 » V3/V2.(D2 S) 

D2 = V3/D2/V2 + V3.S/V2 
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D2{1 -V3/V2)«V3/S/V2 
D2 = V3.S/V2.1/(1 -V3/V2) 
D2 = V3.S/(V2-V3) 

Where 

i a current 

D2 = distance of coil 10,12 closest to guidance plant 
D3 = distance of coil 10,12 furthest from guidance 
plant 

V2 s reading from coil 10,12 closest to guidance 
plant 

V3 = reading from coil 10,12 furthest from guidance 
plant 

S = distance between coils 10,1 2 

and therefore a deviation in the drill 4 which results in 
D2 reducing can be conrected by rotating the drill until 
the output from coil 10 is a minimum and the face 32 of 
the drill is pointing towards the guidance cable 2. The 
rotation Is then stopped and the drill 4 is pushed fonward 
in the required direction for a short distance and then 
rotated again to obtain an estimate of the new distance 
of the drill from the cable 2. 

An alternative and prefen'ed arrangement of elec- 
tromagnetic field sensors or coils is shown in Figure 13. 
where a coil 106 is provided on drill 104 wherein the coil 
106 Is provided with its sensitive axis 108 along the lon- 
gitudinal axis of the drill 104 which lies on a plane 124 
defined between a guidance cable 102 and the centre of 
the drill, in end elevation. A coil 1 10 is positioned offset 
from the centre of the drill as shown and in this case on 
the outer surface of the drill with its sensitive axis 114 
perpendicular to the longitudinal axis of the drill head. 
Coil 106 is used as described before with reference to 
coil 6 to measure the deviation of the drill 4 out of the 
plane 124 and coil 1 10 is used to measure the relative 
and rotational position of the drill head 1 04 with respect 
to the guidance cat)le 1 02. The distance of the drill head 
104 from the cable 102 is measured using only coil 1 10 
rather than in the previous embodiment where two coils 
were used. This is achieved by rotating the position of 
the coil 110, typically by rotating the drill head, and 
measuring the difference between the output signals 
from coil 110. When coiMIO is on the side of the drill 
104 nearest to cable 102 as shown, the coil is posi- 
tioned so that output from the coil will have a maximum 
positive value V2p and, when the coil 1 10 is on the side 
of the drill away from the cat>le as shown in broken lines 
1 10*, it is positioned so that the output has a maximum 
negative value V2n. As there is a greater distance 
between the coll 110 when in the position 110* on the 
drill 104 from the guide cable 102, the value for V2n is 
less than V2p and thus, the distance D2 of the drill 104 
from the cable 102 is given by the expression: 



D2»»V2n.S/(V2p-V2n) 

TTiis embodiment has the advantage that it is not 

• necessary for the two coils 10,12 to be used and the 

5 same to be matched and calibrated as is the case with 
the first embodiment wherein matching and calibration 
is necessary to measure the small differences across 
the diameter of the drill and the changes in coil parame- 
ters which can occur due to temperature and vibration. 

10 A single coil thus reduces the work needed to set the 
same up for use and the possible errors which can 
occur due to temperature and vibration are reduced. 
Furthernfiore the space requirements for use of two coils 
as opposed to three coils and the associated control 

IS equipment is significantly less. 

The coils located in the drill are used to detect the 
magnetic field radiated from the guidance cable. The 
coils used are solenoidat coils and by the selection of 
the coil orientations and positions it is possible to meas- 

20 ure the distance of the drill from the guidance plant and 
the orientation of the drill relative to the longitudinal axis 
of the guidance plant and by the use of conventional 
rotational angle sensors to measure the roll angle of the 
drill head relative to the vertical plane, in combination 

25 with the coils, it is possible to measure the position in 
the ground of the drill such that the duct formed thereby 
can be predicted and controlled to be substantially par- 
allel and offset from the guidance cable and thus, a non- 
intrusive or trenchless duct forming process is provided 

30 by the present invention. 

In order to install clusters of ducts for cables, it is 
suggested that the drill used needs to produce a bore at 
a nominal separation distance of for example 300 mm 
from the existing plant with a maximum deviation of plus 

35 or minus 100 mm in the bora The accuracy required is 
achieved by using the location system described herein 
which continuously detects the position of the existing 
guidance cable using the detector in the head of the drill 
and provides the information for either manual or auto- 

40 matic steering adjustment. 

Information from the detector means in the form of 
output signals are processed directly in the drill chuck to 
control a steering mechanism in the drill or the informa- 
tion can be passed to the drill operator at the surface 

45 where it can be displayed for manual control or to a 
microprocessor for a computer for automatic control of 
the drill and in each case, the output signal received 
from the detector means can then be compared to the 
input signal along the guidance cable, and so the con- 

so trol of movement of the drill can be achieved. 

Claims 

1. Apparatus for forming a duct or passageway on or 
55 under the surface of the ground, said apparatus 
comprising a length of plant generating, or which 
can be induced to generate, an electromagnetic 
signal along the same, to utilise the same for guid- 
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ance, a drill head for movement through the ground 
to aeate the duct, said drill head including a detec- 
tor means including at least one electromagnetic 
field sensor mounted in an offset position with 
respect to the centre of the drill head, to allow 
detection and monitoring of the electromagnetic 
field of the guidance plant and a means to rotate the 
electromagnetic field sensor about the centre of the 
drill head. 

2. Apparatus for forming a duct or passageway 
according to Claim 1 wherein the length of plant is 
an existing underground piece of plant such as a 
length of cable or wire. 

3. Apparatus for forming a duct or passageway 
according to Claim 1 wherein the length of plant is 
a length of cable or wire or other length of material 
which is placed on the surface in the desired loca- 
tion and acts as a reference for the guidance of the 
drill head. 

4. Apparatus for forming a duct or passageway 
according to claim 1. wherein the electromagnetic 
field sensor is continuously rotated during operation 
of the apparatus. 

5. Apparatus for forming a duct or passageway 
according to claim 1 wherein the electromagnetic 
field sensor is rotated at intervals through at least 
one half revolution. 

6. Apparatus for forming a duct or passageway 
according to Claim 1 wherein the drill head includes 
two electromagnetic field sensors, one positioned 
with its longitudinal, or sensitive, axis offset and 
substantially perpendicular to the longitudinal axis 
of the drill head and the other with its longitudinal, 
or sensitive, axis parallel with the longitudinal axis 
of the drill head. 

7. Apparatus for fomiing a duct or passageway 
according to Claim 6 wherein the longitudinal axes 
of the electromagnetic field sensor parallel with the 
longitudinal axis of the drill head lies along the lon- 
gitudinal axis of the drill head. 

8. Apparatus for forming a duct or passageway 
according to Claim 1 wherein the drill head includes 
three electromagnetic field sensors, one positioned 
with its longitudinal axis parallel with the longitudi- 
nal axis of the drill head, and the other two sensors 
respectively offset on opposing sides of the centre 
of the drill head with their longitudinal axes posi- 
tioned substantially perpendicular to the longitudi- 
nal axis of the drill head. 

9. Apparatus for fonning a duct or passageway 



according to claim 1 wherein the electromagnetic 
field sensor generates signals used to detect the 
gradient of the electromagnetic field and thus the 
distance of the drill head from the plant using the 

5 equation D2 = V2n.S/(V2p-V2n) where V2p is a 
first field reading from a first position of the sensor, 
V2n is a second field reading from a second, 
rotated position of the sensor and D2 is the dis- 
tance between the centre of the guidance plant and 

10 the outer surface of the drill head. 

10. Apparatus for forming a duct or passageway 
according to claim 1 wherein a further electromag- 
netic field sensor is positioned to detect changes in 

IS the angle of the drill head relative to the plane 
formed between the drill head and the guidance 
plant. 

11. Apparatus for forming a duct or passageway 
20 according to Claim 1 wherein the drill head is pro- 
vided with a sensor to detect the rotational angle of 
the drill head relative to a linear plane. 

12. Apparatus for forming a duct or passageway 
25 according to claim 1 1 wherein a roll angle sensor Is 

provided in the drill head and detects the rotational 
angle of the drill head relative to a vertical plane. 

13. Apparatus for forming a duct or passageway 
30 according to daim 1 1 wherein the rotational angle 

value and the value D2 are interpreted to provide a 
polar co-ordinate angle for the position of the drill 
relative to the guidance plant 

35 14. Apparatus for forming a duct or passageway 
according to claim 1 wherein a signal is impressed 
into the guidance plant to induce the generation of 
an electromagnetic field and the signal is an alter- 
nating electric current injected by any of direct con- 

40 nection of a cunrent supply generated to the plant: 
by inducing a current in the cable using a tonroidal 
transformer placed over the plant; or by remote 
induction transmitter placed on the surface. 

45 I5u Apparatus for fornrting a duct or passageway 
according to claim 14 wherein the alternating elec- 
tric current of a single frequency or plurality of mul- 
tiple frequencies provided to the guidance plant is 
in the range of 0. 1 hertz to 1 00 kilohertz to generate 

so a magnetic field which radiates from the plant. 

16. Apparatus for forming a duct or passageway 
according to claim 1 wherein the drill head includes 
an angled face to act as a steering face. 

55 

17. Apparatus for forming a duct or passageway 
according to daim 1 wherein the electromagnetic 
field sensor used is an electromagnetic coils. 



8 




EP0 861 



18. Apparatus for measuring and guiding the position of 
an article said article including a detector means 
Including at least one electromagnetic field sensor 
mounted in an offset position with respect to the 
centre of the article, to allow detection and monitor- 5 
ing of an electromagnetic field, and a means to 
rotate the electromagnetic field sensor about the 
centre of the article. 

1 9. Apparatus according to claim 1 8 wherein the article 10 
includes furtiier electromagnetic field sensors 
and/or roll angle sensors. 

20. Apparatus according to claim 1 7 wherein the article 

is moved along an existing passageway or duct and is 
allows tiie path of the duct to be determined with 
respect to adjacent plant from which an electro- 
magnetic field is generated. 

21. A method for forming a duct or passageway, said 20 
method comprising the steps of positioning a drill 
head including at least a first electromagnetic field 
sensor mounted ttierein for indicating the distance 

of the drill head from guidance plant by detecting 
the electromagnetic field generated from said gutd- 25 
ance plant, advancing tiie drill to form the duct and 
rotating the electronr^gnetic field sensor to gener- 
ate a series of signals indicative of the electromag- 
netic field strengtti to allow the positioning of the 
drill head to be determined with reference to the 30 
said guidance plant. 

22. A method according to daim 21 wherein the said 
sensor is positioned offset from the centre of the 
drill head and with its longitudinal or sensitive axis 3S 
substantially perpendicular to tiie longitudinal axis 

of the drill head. 

23. A method according to daim 21 wherein the drill 
head is moved to a start position with the longitudi- 4o 
nal axis of the drill head parallel to the longitudinal 
axis of tiie guidance plant and ttie sensitive or lon- 
gitudinal axis of a further electromagnetic sensor is 
positioned parallel to the longitudinal axis of tiie drill 
head, and perpendicular to the flux lines which radi- 4S 
ate from the guidance plant magnetic field. 

24. A metiiod according to claim 23 wherein tiie orien- 
tation of the output signal from the said sensor is 
minimum or null. so 

25. A method according to claim 21 wherein the output 
signal received from ttie electromagnetic field sen- 
sor is dependent on the orientation of tiie longitudi- 
nal axis of tiie drill relative to tiie guidance plant and ss 
also on the rotational orientation of the drill head. 

26. A method according to daim 25 wherein tiie sensor 
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is rotated along with the drill head during formation 
of the duct. 

27. A method according to claim 25 wherein tiie sensor 
is rotated at inten^als ttirough at least one half revo- 
lution. 

28. A metiiod according to claim 21 wherein as the drill 
head is moved, signals representative of its position 
witii regard to tiie guidance plant are received and 
processed to aid the steering of the drill head, said 
signals received from any or any conrtoination of an 
electromagnetic field sensor offset from tiie centre 
of tiie drill head, relating to the distance from the 
guidance plant an electromagnetic sensor 
mounted with its longitudinal axis on the longitudi- 
nal axis of the drill head, relating to the angular var- 
iation of tiie drill head relative to the guidance plant 
and a roll angle sensor mounted on tiie drill head 
with respect to the angular orientation with respect 
to a vertical plane. 

29. A metiiod according to claim 21 wherein as the drill 
head progresses, if deviation from the required 
path, or an obstade, is detected, the drill is stopped 
rotating and, with tiie angled face in the con-ect ori- 
entation, the drill head is advanced witii the angled 
face causing tiie same to move In the required 
direction to correct the deviation or aeate a new 
path direction. 

30. A metiiod according to claim 29 wherein, rather 
tiian react to a deviation or obstacle, tiie drill head 
is advanced to change ttie direction of the duct to 
be formed according to a predetermined plan. 
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